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:KHQGHDOLQJZLWKQDWXUDOVRLOVWKH6%6LVRQHRIWKHWRROVXVHGWRTXDQWLI\WKHHIIHFWRIVWUXFWXUHRQWKHLUEHKDYLRXU
&RWHFFKLDDQG&KDQGOHU>@IRXQGDXQLTXH6%6IRUGLIIHUHQWFOD\VZKHQQRUPDOLVHGE\WKHVHQVLWLYLW\E\YROXPH
SHWDNHQDVDSSURSULDWHRQWKHLVRWURSLFFRPSUHVVLRQOLQH,&/RU1&/DQGE\WKHLQWULQVLFVWUHQJWK0HTXDOWRWKH
VWUHVVUDWLRDWFULWLFDOVWDWH7KH\DOVRIRXQGWKDWWKHGLIIHUHQFHEHWZHHQWKH6%6RIUHFRQVWLWXWHGDQGQDWXUDOFOD\V
ZDVRQO\LQVL]HDQGQRWLQVKDSH
6RLOVRIUDWKHUFRPSOH[JUDGLQJRUPLQHUDORJ\PD\VKRZPXOWLSOH1&/VDQG&6/VLQWKHVWDWHSODQH0DUWLQVHW
DO >@ QDPHG WKLV FDWHJRU\ ³WUDQVLWLRQDO´ EHFDXVH WKH PRGH RI EHKDYLRXU ZDV EHWZHHQ D VWDQGDUG FULWLFDO VWDWH
IUDPHZRUNIRUFOD\VDQGDEUHDNDJHGRPLQDWHGIUDPHZRUNIRUFOHDQVDQGV)RUWUDQVLWLRQDOVRLOV WKHILQDOVWDWHLQ
FRPSUHVVLRQDQGVKHDULQJGHSHQGVRQ WKH LQLWLDOGHQVLW\RI WKHVDPSOHVDQGFRQYHUJHQFHPLJKWQRWEHUHDFKHG LQ
FRQYHQWLRQDOODERUDWRU\WHVWLQJ+RZHYHUFRQYHUJHQFHPXVWHYHQWXDOO\RFFXUDWWKHPLQLPXPGHQVLW\LHVSHFLILF
YROXPHHTXDOWR2QHRIWKHPDLQVKRUWFRPLQJVRIWUDQVLWLRQDOVRLOVLVWKHTXDQWLILFDWLRQRIVWUXFWXUHRILQWDFWVDPSOHV
EHFDXVHRIWKHODFNRIDUHIHUHQFHUHFRQVWLWXWHGPDWHULDOZLWKZKLFKFRPSDUHVWKHQDWXUDOFRXQWHUSDUW)HUUHLUDDQG
%LFD >@ SURSRVHG IRU WKHLU WUDQVLWLRQDO VRLO IURP UHFRQVWLWXWHG%RWXFDWX VDQGVWRQH VDPSOHV D VWUHVV QRUPDOLVDWLRQ
EDVHGRQDQHTXLYDOHQWSUHVVXUHWDNHQRQLQGLYLGXDO&6/VDQG6KLSWRQDQG&RRS>@DWWHPSWHGDQRUPDOLVDWLRQEDVHG
RQWKHVWDWHSDUDPHWHUȌDJDLQRQDQLQILQLWHQXPEHURILQGLYLGXDO&6/VIRUWKHLUWUDQVLWLRQDOJDSJUDGHGPL[WXUHV
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UHSUHVHQWHGE\WKHIUDFWDOWKHRU\ZKLFKLVRIWHQXVHGWRGHVFULEHWKHIUDJPHQWDWLRQSURFHVV>@,QWKHSUHVHQWZRUN
WKHPDWHULDOVFDQEHFODVVLILHGDVWUDQVLWLRQDOEXWZHGHVFULEHGWKHPDVVORZO\FRQYHUJLQJEHFDXVHWKHFRPSUHVVLRQ
DQGVKHDULQJSDWKVVKRZHGDWHQGHQF\WRFRQYHUJHDOWKRXJKDWYHU\ODUJHVWUHVVHVDQGVWUDLQV7KHDLPLVWRSURYLGH
HIIHFWLYHPHWKRGVRIQRUPDOLVDWLRQIRUVORZO\FRQYHUJLQJVRLOV
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/%6LVDTXDUW]VDQGIURP
WKH8.ZKLOHWKH/06LVDFUXVKHGOLPHVWRQHIURP&KLQD7KHODEHOV&'DQG'VWDQGIRUWKHIUDFWDOGLPHQVLRQV
DQGUHVSHFWLYHO\XVHGWRFRQWUROWKHVDQGIUDFWLRQ6LOWZDVDGGHGWRFRPSOHWHWKHJUDGDWLRQRIWKHPDWHULDO
EXWLWZDVQRWFRQWUROOHGWREHIUDFWDO7KHIUDFWDOGLPHQVLRQVZHUHFDOFXODWHGDVQZKHUHQLVWKHVORSHRIWKHEL
ORJDULWKPLFJUDSKRIWKHSHUFHQWDJHILQHUSDVVLQJWKURXJKDNQRZQVLHYHPHVKVL]HDQGWKHSDUWLFOHGLDPHWHU)LJE
7KH*6'VZHUHDQFKRUHGDWPDQGWKHIUDFWDOVDQGIUDFWLRQZDVIRUPHGDGRSWLQJWKHPDVVPHWKRG>@
7KHRQHGLPHQVLRQDOFRPSUHVVLRQ WHVWVZHUHFDUULHGRXW LQ IURQW ORDGLQJRHGRPHWHU IUDPHVXVLQJHLWKHUVLQJOH
GUDLQDJHULQJVRIPPGLDPHWHURUIORDWLQJULQJVRIHLWKHURUPPGLDPHWHUVZKLFKDOORZHGWRUHDFKVWUHVV
OHYHOVRIDQG03D7KHWULD[LDOWHVWVZHUHFRQGXFWHGLQVWUHVVSDWKDSSDUDWXVHVRI%LVKRSDQG:HVOH\W\SH$
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GHJUHHRIVDWXUDWLRQJUHDWHUWKDQZDVREWDLQHGE\FLUFXODWLQJFDUERQGLR[LGHIOXVKLQJGLVWLOOHGZDWHUDQGDSSO\LQJ
EDFNSUHVVXUHVRIDWOHDVWN3D6XFWLRQFXSVZHUHFRQQHFWHGWRWKHORDGFHOOVSULRUWRFRPSUHVVLRQWRHOLPLQDWH
HUURUVGXHWRPLVDOLJQPHQWEHWZHHQWKHORDGFHOODQGWKHVDPSOH>@6KHDULQJWRRNSODFHDWUDWHVLQFUHDVLQJIURP
KXSWRK7KHRHGRPHWHUDQGWULD[LDOVDPSOHVRI/%6DQG/06ZHUHSUHSDUHGXVLQJWKHGU\FRPSDFWLRQ
PHWKRGEHFDXVHQHLWKHUZHWSOXYLDWLRQQRUPRLVWWDPSLQJFRXOGEHDGRSWHGGXHWRWKHILQHVVHJUHJDWLRQLQWKHIRUPHU
DQGWKHODUJHPDWUL[VXFWLRQGHYHORSHGE\WKHILQHVLQWKHODWWHU7KHH[LVWHQFHRIQRQFRQYHUJHQWW\SHRIEHKDYLRXU
PLJKWEHFDXVHGE\DQLQDFFXUDF\RIWKHFDOFXODWLRQRIWKHLQLWLDOVSHFLILFYROXPHVZKLFKFDQOHDGWRHUURQHRXVUHVXOWV
7R UHGXFH WKLV SRVVLELOLW\ WKH FDOFXODWLRQV RI WKH LQLWLDO VSHFLILF YROXPHV ZHUH EDVHG RQ PXOWLSOH LQGHSHQGHQW
PHDVXUHPHQWVRIZHLJKWVDQGGLPHQVLRQVRIWKHVDPSOHV>@7KHVSHFLILFJUDYLW\*VRIWKH/%6PL[WXUHVZDVIRXQG
WREHHTXDOWRDQGWKDWRIWKH/06WR
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D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E
H[DPSOHVRIIUDFWDOJUDGLQJFXUYHVLQWKHELORJDULWKPLFSODQH
5HVXOWV
&RPSUHVVLRQDQGVKHDULQJEHKDYLRXU
7KHRHGRPHWHUGDWDRI/%6&'DQG'DUHVKRZQLQ)LJXUH7KHFRPSUHVVLRQSDWKVRI/%6&'FRQYHUJHVORZO\
SUREDEO\GHILQLQJDXQLTXH1&/DWVWUHVVHVODUJHUWKDQ03DDQGYHU\ORZVSHFLILFYROXPHVOHVVWKDQ7KLV
EHKDYLRXULVDFFHQWXDWHGIRUWKHVDPSOHVRI/%6'VLQFHWKHSDWKVVWLOOGHSHQGRQWKHLULQLWLDOGHQVLW\HYHQDWDURXQG
03D7KHGDWDVKRZWKDWWKH/%6'PDLQWDLQVDORRVHUSDFNLQJWKDQ/%6&'HYHQLILWKDVDODUJHUDPRXQWRI
ILQHV7KLVLVQRWVXUSULVLQJEHFDXVHDWUDQVLWLRQEHWZHHQVDQGGRPLQDWHGEHKDYLRXUDQGILQHGRPLQDWHGEHKDYLRXU
PD\RFFXUZKHQDGGLQJILQHV>@0DWHULDOVFDQVWLOOGHQVLI\LIWKHVDQGJUDLQVDUHVWLOOLQFRQWDFWDQGWKHILQHVILOO
WKHYRLGVEXWZKHQILQHVH[FHHGDWKUHVKROGWKHVDQGJUDLQVDUHGLVSHUVHGLQWKHILQHVPDWUL[DQGWKHDVVHPEO\UHDFKHV
ORRVHUVWDWHV0LQKDQG&KHQJ>@LQYHVWLJDWHGWKHSDFNLQJUHODWHGWRWKHLQFUHDVHRIIUDFWDOGLPHQVLRQXVLQJ'(0
DQGWKH\IRXQGWKDWWKHYDOXHRIIUDFWDOGLPHQVLRQDWZKLFKVDPSOHVVWRSGHQVLI\LQJZDVHTXDOWRLQWKLVVWXG\
WKDWYDOXHLVHTXDOWRDURXQG
,Q)LJXUHE WKHFRPSUHVVLRQSDWKVRI/06&'VKRZGLIIHUHQW VORSHVDFFRUGLQJ WR WKH LQLWLDOGHQVLWLHVRI WKH
VDPSOHVDQGWKHORRVHVSHFLPHQVKDYHVWHHSHUSDWKVWKDQWKHGHQVHRQHV(DFK1&/ZDVH[WUDSRODWHGWRHVWLPDWHWKH
FRQYHUJHQFHEXWLWLVXQOLNHO\WKDWWKHUHFDQEHDXQLTXH1&/DVWKHSDWKVPXVWFXUYHWREHFRPHDV\PSWRWLFWRY 
7KLVGHSDUWVIURPWKHW\SLFDOVRLOEHKDYLRXULQZKLFKWKH1&/LVZHOOGHILQHGFRYHULQJDZLGHUDQJHRIVWUHVVOHYHOV
DQGVSHFLILFYROXPHV
7KHVKHDULQJEHKDYLRXURI/%6&'VDPSOHVLQWKHVWDWHSODQHLVVKRZQLQ)LJXUH7KH/%6&'GHILQHVDVPDQ\
&6/VDVWKHLQLWLDOVSHFLILFYROXPHVDOWKRXJKRQO\IHZH[DPSOHVDUHSORWWHG7KHXVHRIOXEULFDWHGHQGSODWHQVGRHV
QRWFKDQJH WKH VORZO\FRQYHUJLQJEHKDYLRXU*HQHUDOO\ WKH VDPSOHVDUHDOO FRQWUDFWLYH HYHQ WHVW'ZKLFKZDV
VKHDUHGDW03DIURPDUHODWLYHGHQVHVWDWH7KH/%6'DQG/06&'VDPSOHVVKRZHGDVLPLODUEHKDYLRXUWKHUHIRUH
WKHLUJUDSKVDUHRPLWWHGIRUEUHYLW\
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)LJ2QHGLPHQVLRQDOFRPSUHVVLRQSDWKVRID/%6&'DQG/%6'VDPSOHVE/06&'
7KH*XGHKXVIXQFWLRQ>@ZDVXVHGWRHVWLPDWHWKHVKDSHRIWKH&6/VZKLFKZHUHFXUYHGIRUHDFKPDWHULDO
QKVS
LL HY 
 H[S    
ZKHUHYLLVWKHFXUUHQWVSHFLILFYROXPHRQWKH&6/HLLVWKHPD[LPXPYRLGUDWLRS¶LVWKHPHDQHIIHFWLYHVWUHVVKV
LVDSUHVVXUHSDUDPHWHUDFFRXQWLQJIRUWKHJUDQXODUKDUGQHVVDQGQLVDQH[SRQHQWEHWZHHQDQG)RUHDFKVRLO
HLYDULHGDFFRUGLQJWRWKHLQLWLDOVSHFLILFYROXPHRIWKHVDPSOHVZKLOHKVDQGQZHUHPDLQWDLQHGFRQVWDQW IRUWKH
GLIIHUHQWYDOXHVRIHL7KHYDOXHVRIKVDQGQZHUH03DDQGIRUWKHTXDUW]JUDGLQJVDQG03DDQGIRUWKH
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WKDWWKH*XGHKXVIXQFWLRQUHIOHFWVWKHPDWHULDOSURSHUWLHVDQGLWLVLQGHSHQGHQWRIWKHFKDQJHRIJUDGLQJV
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1RUPDOLVDWLRQWHFKQLTXHVDQGVWDWHERXQGDU\VXUIDFHV
*LYHQ WKH SDWWHUQV RI FRPSUHVVLRQ DQG VKHDULQJ D QRUPDOLVDWLRQ RI WKH VKHDULQJ GDWD EDVHG RQ DQ HTXLYDOHQW
SUHVVXUHS¶HWDNHQRQDVWUDLJKW1&/FRXOGQRWZRUNEHFDXVHWKH1&/VFRXOGQRWEHGHILQHGLQWKHYOQS¶SODQH
VLPLODUO\DQRUPDOLVLQJSUHVVXUHS¶H&6/FRXOGQRWEHWDNHQRQDXQLTXHVWUDLJKW&6/EHFDXVHRIWKHPXOWLSOHDQG
FXUYHG&6/V)LJXUHDVKRZVDQDWWHPSWWRQRUPDOLVHWKHVWUHVVHVRIWHVWVRQ/%6&'EDVHGRQS¶H&6/WDNHQRQWKH
XSSHUPRVW&6/7KHODFNRIDXQLTXH6%6GHPRQVWUDWHVWKDWWKLVDSSURDFKFDQQRWZRUN$OOWKHVDPSOHVOLHRQWKH
GU\VLGHRIWKHFULWLFDODQGLIDXQLTXH&6/H[LVWVWKHQWKHGHILQLWLRQRI6%6RQWKHZHWVLGHZRXOGUHTXLUHH[WUHPHO\
KLJKSUHVVXUHWHVWV6LQFHWKHFRPSUHVVLRQSDWKVZHUHQHDUO\SDUDOOHOWRWKH&6/V)LJVRLWLVQRWHYHQ
FOHDUZKDWSUHVVXUHZRXOGEHQHHGHGWRUHDFKWKHZHWVLGH:KHQWKHQRUPDOLVDWLRQZDVEDVHGRQWKHS¶H&6/WDNHQRQ
LQGLYLGXDODQGFXUYHG&6/VDXQLTXH6%6FRXOGEHGHILQHGIRUDOOWKHPDWHULDOV)LJEG7KHFULWLFDOVWDWHOLQHRI
/%6&'/%6'DQG/06&'UHGXFHVWRDSRLQWRIFRRUGLQDWHVDQGUHVSHFWLYHO\2Q
WKHGU\VLGHWKH+YRUVOHYVXUIDFHVDUHZHOOGHILQHGDQGOLHEHORZWKHWHQVLRQFXWRIIOLQH2QWKHZHWVLGHWKH5RVFRH
VXUIDFHVRI/%6DUHOHVVZHOOGHILQHGEHFDXVHRIWKHODFNRIDFRQVLVWHQWQXPEHURIWHVWVO\LQJRQWKHZHWVLGHDQGWKH
WHQGHQF\RIWKHWHVWVO\LQJRQWKHZHWVLGHWRPRYHWRWKHGU\VLGHDVVKHDULQJSURJUHVVHVHJWHVW'RI/%6')LJ
F
7KH5RVFRHVXUIDFHRI/06LVZHOOGHILQHGPDLQO\E\WKHORRVHVWVDPSOHVEXWZKHQDSSURDFKLQJWKHFULWLFDOVWDWH
LWVVKDSHFDQQRWEHGHWHUPLQHGDFFXUDWHO\EHFDXVHRIWKHODFNRIWKHH[SHULPHQWDOGDWD'HVSLWHWKHODFNRIGDWDWKH
VKDSHVRIWKH5RVFRHVXUIDFHDUHWHQWDWLYHO\SURSRVHGLQWKHSORWV)LJXUHVKRZVWKHVWDWHERXQGDU\VXUIDFHVRI/%6
'DQG/06&'REWDLQHGE\WKHQRUPDOLVDWLRQEDVHGRQWKHVWDWHSDUDPHWHUȌ$OVRWKLVSDUDPHWHUZDVFDOFXODWHG
FRQVLGHULQJLQGLYLGXDO&6/V7KH6%6VDUHZHOOGHILQHGE\WKHGHQVHVDPSOHVRQWKHGU\VLGHDQGE\WKHORRVHVDPSOHV
RQWKHZHW7KHFULWLFDOVWDWHOLQHVUHGXFHWRDSRLQWRIFRRUGLQDWHV02QWKHGU\VLGHWKH6%6VHQYHORSWKHSHDN
VWUHVVUDWLRVRIWKHVDPSOHVDQGWKHGHQVHUWKHVDPSOHWKHKLJKHUWKHSHDNVWUHVVUDWLR)RU/%6'WKHVKDSHRIWKH
6%6RQWKHGU\VLGHFDQRQO\EHDVVXPHGEHFDXVHRQO\WHVW'RFFXSLHVWKHQHJDWLYHSDUWRIWKHSORW


)LJ1RUPDOLVHGVWUHVVSDWKVRID/%6&'FRQVLGHULQJDXQLTXH&6/E/%6&'F/%6'G/06&'FRQVLGHULQJDS¶H&6/WDNHQRQ
LQGLYLGXDO&6/V
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&RQFOXVLRQV
7KUHHGLIIHUHQWPDWHULDOVZHUHWHVWHGLQFRPSUHVVLRQDQGVKHDULQJFRYHULQJDZLGHUDQJHRIVWUHVVOHYHOVDQGLQLWLDO
GHQVLWLHV$OORIWKHPZHUHFODVVLILHGDVVORZO\FRQYHUJLQJVRLOVLQWKHVHQVHWKDWFRQYHUJHQFHWRDXQLTXH1&/RU
&6/ZRXOGHYHQWXDOO\RFFXUEXWDW WRRODUJHVWUHVVHVDQGVWUDLQVWRGHILQHWKHP7\SLFDOQRUPDOLVDWLRQWHFKQLTXHV
FRXOGQRWEHDSSOLHGWRWKHVORZO\FRQYHUJLQJVRLOVEHFDXVHRIWKHODFNRIDZHOOGHILQHGXQLTXH1&/RU&6/,QRUGHU
WRREWDLQDXQLTXH6%6 WZRPHWKRGVZHUHDWWHPSWHG$VWUHVVQRUPDOLVDWLRQEDVHGRQS¶H&6/ WDNHQRQ LQGLYLGXDO
&6/VFRXOGQRWGHILQHGZHOOD6%6RQWKHZHWVLGHDVZHOODVRQWKHGU\VLGHPDLQO\EHFDXVHRIWKHWHQGHQF\RIWKH
VDPSOHVO\LQJRQWKHZHWVLGHWRPRYHWRWKHGU\VLGHGXULQJVKHDULQJ7KHVWDWHSDUDPHWHUQRUPDOLVDWLRQJDYHDEHWWHU
GHILQLWLRQRIWKH6%6RQERWKVLGHV,WLVVXJJHVWHGWRDWWHPSWERWKQRUPDOLVDWLRQWHFKQLTXHVZKHQGHDOLQJZLWKVORZO\
FRQYHUJLQJVRLOVEXWLQGLYLGXDO&6/VVKRXOGDOZD\VEHWDNHQLQWRDFFRXQW


)LJ1RUPDOLVHGVWUHVVSDWKVRID/%6'DQGE/06&'EDVHGRQWKHVWDWHSDUDPHWHUȌWDNHQRQLQGLYLGXDO&6/
$FNQRZOHGJHPHQWV
7KHZRUNGHVFULEHGLQWKLVSDSHUZDVIXOO\VXSSRUWHGE\DJUDQWIURPWKH5HVHDUFK*UDQWV&RXQFLORIWKH+RQJ
.RQJ 6SHFLDO $GPLQLVWUDWLYH 5HJLRQ &KLQD SURMHFW QR &LW\8  7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH
WHFKQLFLDQ7KRPDV7VHQJIRUKLVYDOXDEOHKHOSLQWKHODERUDWRU\WHVWLQJ
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